treatments is widely acknowledged. In comparison to patient groups, literature is scarce on identifying treatment predictors and moderators of caregiver outcomes. This study aimed to identify pre-treatment characteristics predicting and/or moderating carer outcomes, based on data from a multi-element psychosocial intervention to FEP patients and carers (GET-UP PIANO trial).
course and outcomes in psychosis, including higher rates of patient relapse and rehospitalisation (Bebbington & Kuipers, 1994) . This is particularly evident with reports of criticism that can have different underlying predictors and correlates (Cechnicki et EE and burden are long-term risk factors for poorer illness outcomes (Bebbington & Kuipers, 1994) . Hence, the inclusion of evidence based psychosocial interventions for individuals with psychosis and their families in several treatment guidelines across the globe (Norman et al 2017;
The current study
The predictors of outcome across treatment groups can provide valuable prognostic information by helping to clarify which participants will respond more favourably to treatment in general, whereas treatment moderators provide prescriptive information about optimal treatment selection. Although there are clinical benefits in establishing baseline predictors of overall treatment success, identifying treatment moderators (i.e. who will do better in which treatment) may have more important clinical and cost-effectiveness implications.
There is, however, a very limited evidence base on treatment predictors in carer populations in psychosis. Further, where there is available data, they are rarely based on epidemiological representative samples compared with controls, which invariably increases the risk of underestimating the complexities of treating families in real-world services. Likewise, the literature is also scarce on moderators of treatment outcomes in carers. Despite the value of identifying the subgroups of caregivers and the circumstances associated with the effectiveness of early multielement psychosocial interventions for psychosis there is, as yet, little information about moderators of outcome. These findings would be extremely relevant in order to clarify generalizability issues of the experimental intervention effectiveness. The present study aims to address this gap in literature. information, no specific a priori hypotheses were offered about moderators; thus, moderator analyses will be exploratory and utilise the same set of variables analysed as predictors.
METHODS

The GET UP PIANO trial
The GETUP PIANO trial (Ruggeri et al 2012) is a large multi-centre randomized controlled cluster trial comparing an add-on multi-element psychosocial early intervention with 'routine care' for patients with FEP and their caregivers provided within Italian public general mental health services.
It was designed to assess early multi-element psychosocial interventions in epidemiologically representative samples of patients and families treated in routine generic mental health settings. Of the 126 community mental health centres (CMHCs) located in two northern Italian regions (Veneto and Emilia-Romagna) and the urban areas of Florence, Milan, and Bolzano, 117 (92.8%) participated, covering an area of 9,304,093 inhabitants. The assignment units (clusters) were the CMHCs, and the units of observation and analysis were patients and their families. The trial received approval by the ethics committees of the coordinating center (Azienda Ospedaliera Universitaria Integrata di Verona) and each participating unit and was registered with ClinicalTrials.gov (NCT01436331). Full details on the protocol of the GETUP PIANO study and on the main findings of the GETUP PIANO trial are given elsewhere (Ruggeri et al 2012; . Eligible patients who achieved clinical stabilization were invited to provide written informed consent for assessment. They were provided with information detailing the nature, scope, and possible consequences of participation in the trial and informed that they could withdraw consent at any time. Patient participants were also asked to give consent for family member contact; family members who agreed to participate provided written informed consent. The data is based on one identified carer per household.
Treatments
The experimental treatment consisted of a multi-element psychosocial intervention, adjunctive to represents their carer's behaviour towards them during the preceding three months on a Likert scale of 1 (untrue) to 4 (true). An overall EE and subscale scores are generated.
As a global measure of patient symptomatology at baseline, the Positive and Negative Syndrome Scale (PANSS, Kay et al., 1987) . The PANSS is a 30-item semi-structured interview used to rate psychotic symptomatology and comprises 3 subscales related to positive symptoms, negative symptoms, and general psychopathology. Interview items are rated on a 7-point Likert scale that reflect increasing levels of psychopathology with higher scores indicate higher levels of symptomatology.
The Childhood Experience of Care and Abuse Questionnaire (CECAQ, Bifulco et al 1994) is a selfreport questionnaire that taps adverse childhood experiences including reports of physical and sexual about and neglect. A single item that assesses patient perceptions of caregiver criticism was used as an additional method to assess relationship quality.
Before starting the assessments, independent evaluators received formal training in the use and administration of instruments, with measurement of their knowledge, skills and assessment of interrater reliability to assess competency.
Statistical analyses
Analyses were conducted using an intention-to-treat (ITT) approach. IEQ-EU and GHQ-12 scores were analyzed separately in mixed-effects random regression models. In order to take into account the trial design in which caregivers (level 1) were nested within CMHCs (level 2) (CONSORT guidelines for cluster randomized trials (Campbell et al 2012) , the individual CMHCs were included in the models as a random effect. In order to identify predictors and moderators of treatment outcome according to MacArthur's approach (Kraemer et al 2002), we selected, a priori, on clinical or empirical grounds and derived from the literature, pre-treatment caregivers' variables.
Specifically, we investigated age and gender of caregiver, family relationship shared with patient (parents vs others), hours per week spent with patient (<32 vs ≥32), mother's criticism and father's criticism (assessed by CECA-Q item 6; yes vs no), PBI (care and protection (mother), care and protection (father), LEE (emotional response, negative attitude, intrusiveness, tolerance and expectations), and IEQ-EU tension at baseline (this last variable considered only for GHQ-12).
Each model included treatment allocation (T coded as +1/2 for caregivers in the Experimental
Treatment Group and -1/2 for those in the Treatment as Usual Group), one predictor/moderator (M standardized), their interaction (T x M), and the baseline score of the outcome investigated (B P r o o f 10 standardized). When the main effect of a variable was significant, but the interaction was not, the variable was considered a non-specific predictor of outcome. When the interaction was significant (regardless of the significance of main effects), the variable was considered as a moderator.
In a secondary analysis, missing data on outcomes were estimated using a multiple imputation approach by chained equations (MICE), which generate several different plausible imputed data sets and combines results from each of them. Multiple imputations by chained equations were applied because it enables different variable types to be handled; specifically, we used predictive mean matching to deal with possible non-normality when imputing continuous variables.
The alpha level was set to 0.05 for all main effects and interactions. No correction for multiple testing was applied due to the exploratory nature of the study. All statistical analyses were carried out using the STATA software package, version 13 (Stata Corp, 2013)
RESULTS
Overall, 380 relatives (230 experimental; 150 TAU) out of 444 FEP patients were available for assessment at baseline (Table 1) .
Insert Table 1 about here In the experimental arm, 16 patients did not have an identified relative; 6 patients declined consent to contact their relative; 7 relatives declined consent to engage in the family intervention (FI); and 13 patients refused to engage with the individual CBT, so the matched relative was excluded. In the TAU arm, 10 patients did not have an identified relative and 12 patients declined consent to contact their relative.
At baseline, 185 experimental arm and 75 TAU arm relatives were assessed. Demographic and pretreatment characteristics of the 260 caregivers examined as potential predictors or moderators of outcome are presented in Table 1 No significant differences with respect to socio demographics of relatives and link with patient variables were found between the two trial arms. At follow-up, 60 (32.4%) caregivers in the experimental group and 15 (20.0%) in the TAU group dropped out from assessment. There were no significant differences in demographics and outcome variables at baseline between completers and non-completers, with exception only of the GHQ-12 total score in the experimental group (completers: 14.27 sd 6.00 vs non-completers: 16.39 sd 7.84; p=0.044).
By considering burden of care (IEQ-EU), both groups had similar baseline scores (t-test; p>0.05). 1%, n=170) ; the majority receiving 5 or more family intervention sessions (90.6%, n=154) and from these, 72.7% (n=112) attended 10 or more sessions.
Predictors
Of the predictors examined, only patient reports of early maternal criticism (i.e. during the first 16 years) predicted lower caregiver worrying as measured by IEQ-EU at 9 months (b= -0.36, p=0.019), regardless of treatment assignment (see Table 2 Main effect column). However, multiple imputation analysis did not confirm this result.
<Insert Table 2 about here>
Moderators
Differential effects of pre-treatment IEQ-EU Tension on GHQ-12 (b= -0.37, p=0.044) were found (see Table 2 Interaction with treatment column). Moreover, the LEE tolerance and expectations dimension moderated IEQ-EU Tension domain (b= +0.48, p=0.021), while age of caregiver was a moderator of IEQ-EU Worrying (b= +0.35, p=0.017). When analyses were rerun using multiple imputation of missing data, all these findings were confirmed (b= -0.38, p=0.003; b= +0.42, p=0.034 and b= +0.34, p=0.022, respectively).
In order to determine the pre-treatment IEQ-EU Tension level cut-off at which the experimental treatment started to be significantly superior to usual care, the domain was categorized using different cut-offs in a sensitivity analysis. This analysis showed that starting from 2.0 there was a significantly higher beneficial effect of experimental treatment at 9 months, in terms of reduction in GHQ-12 total scores (Figure 1 ). Carers with IEQ-EU Tension levels below 2 showed similar reduction of GHQ-12 in both experimental and usual treatment. . This is the first study to investigate in a FEP 'real world' setting which caregiver characteristics: (a) predict carer burden and emotional distress at 9 months regardless of treatment assignment (non-specific predictors) and (b) moderate differential response of treatment (moderators).
The results identified only one significant treatment predictor, which was patient perception of early maternal criticism. It predicted carer burden, specifically in terms of carer reports of worry. The significance of this finding, however, was not maintained after multiple imputation analysis for missing data. Thus, overall, the current findings did not identify pre-treatment predictors for carer outcomes and highlighted the need for further work to isolate these key variables. It would seem important to note that it was only until very recently that family based interventions recorded carer outcomes in their own right (Lobban et al 2013), and highlighted the importance of looking at carer outcomes.
In contrast, our exploratory analyses identified three significant moderators of carer burden and distress. Pre-treatment levels of carer burden, specifically in terms of tension (i.e. strained and difficult relations between carer and relative), moderated levels of emotional distress in carers; patient perceptions of carer intolerance of the patient and their illness symptoms moderated carer burden in terms of tension; and younger age of caregiver moderated carer burden, specifically in terms of worry. It could be suggested that carers expressing interpersonal difficulties with their relative which, in some circumstances, might have predated the psychosis onset, will also be the groups to derive the greatest benefits from the multi-component interventions. Whilst their elevated levels of burden could serve as a marker of those carers who are most in need and struggling with their understanding and adaptation to the illness. It could also simply be the case that given their elevated burden levels, there is more room to demonstrate improvements. However, the importance 
Strengths and limitations
To the best of our knowledge, this study represents the first exploration of predictors and moderators of carer outcomes in FEP following multi-element treatments or TAU treatment. It extends similar work exploring generic outcomes (Penn et al 2005) and compliments developments with patient outcomes (Lasavi et al 2017) . The sample size, prospective design methodology and rationale underpinning the study in a large catchment area and in a highly representative cohort of participants, remain notable strengths. The study, however, does have limitations. First, the sample was drawn from specified Northern Central Italian regions, which means caution is required before generalising findings to groups from other socio-economic areas. Second, we previously acknowledged that our moderator analyses were exploratory, with the primary aim of providing useful information for designing future studies. This is likely to improve with time following a greater focus on carer outcomes. We are aware that we performed a high number of statistical tests we don't detect it as statistically significant. Due to the exploratory nature of this study, we did not apply multiple testing because the cost of a false negative could be that we have missed out on an important result to be confirmed in future larger studies.
Implications
Our findings are encouraging but require replication and employment of samples drawn from other geographical contexts. Future considerations of the underlying mechanisms or key therapeutic components that give rise to the positive changes are indicated. We already know that in an unselected group of FEP carers in routine services, multi-element psychosocial interventions can yield more positive outcomes on carer distress and burden of care than treatment as usual (Ruggeri et al 2015) . In services where resources might be limited and access to support triaged and prioritised, it would appear that younger aged carers exhibiting higher levels of burden, interpersonal difficulties with the patient, and struggling to acknowledge that the identified patients does have a recognisable mental health problem that is likely to impact on their functioning and behaviour, are also those most likely to exhibit the greatest gains from the interventions.
Conclusion
Following the increasing and globalized focus on early intervention in psychosis (e.g. improve the scale and quality of patient outcomes in psychosis is well established, as is the need to provide comprehensive care packages to support them in their role (Mueser et al 2015) . However, far more evidence is required to improve our understanding of the benefits of interventions and key determinants of optimal carer outcomes in FEP.
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